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Hilgardia
[Vol. 1, No.5 between Harvey 's work and that here reported. There may not be a particularly good correlation between terminal and lateral growth.
(See tables 8 and 9 below.) Differences in methods and materials also may account for the somewhat different results obtained. However, the hypothesis he developed for the unification of his results, that is, the carbohydrate-nitrogen ratio, should be generally applicable. This phase will receive attention later in this paper under Discussion and Conclusions. The above citations include the chief contributions having an immediate bearing on the present problem. With the exception of the work of Harvey, the results are practically all" qualitative" in character. Quantitative data on the checking of diameter increase by defoliation were considered necessary as a foundation for any further development of the facts involved in this phenomenon, particularly with regard to change in composition that might prove to be associated with it.
IV[ATERI.A.I~S AND ME'rIIODS
For the purpose of this investigation, trees were selected in the spring of 1922 from a six-year-old Mclntosh orchard at the New York Agricultural Experiment Station, at Cornell University, Ithaca, New York. Because of the youth of the trees, there was no fruit production to interfere with vegetative relationships. Four of the trees had all of their leaves removed as soon as they appeared in the spring, that is on May 3. As new leaves appeared subsequently, they were also removed. Another group of four trees were allowed to grow normally until June 6, when they also were defoliated and kept bare as in the previous series. Four other trees were half defoliated, i.e., had all the leaves from half of the tree removed, on the same dates as the whole trees. Material was collected from these trees at intervals of from one to two weeks from the latter part of April until September 8, 1922, and consisted usually of ten one-year-old twigs from each tree.
Portions of each twig were taken from the apical, middle and basal regions, each about 1 cm. in length. The remainder of each twig was prepared for analysis as described below, These 1 em. pieces were killed in 50 per cent alcohol. The alcohol was removed by washing in "rater, and the pieces were then treated with hydrofluoric acid for two weeks. The acid was then washed out with water, and the pieces placed in glycerin and alcohol (one-half glycerin, onehalf 95 per cent alcohol, by volume). They were sectioned from this June, 1925] Proebsting: Cambial Activity and Storage of Food 8:l mixture, without imbedding. It was found that sections twenty-five to thirty-five microns in thickness could be readily cut in this way, and that this was thin enough for the purposes of this work. This method did not permit, however, any measurements being made on the bark other than its total thickness. Safranin and haematoxylin were used for staining in most cases, phloroglucin being used for some of the temporary mounts.
MEASUREl\1:ENT OF CAMBIAL ACTIVITY
Each section was measured by means of an ocular micrometer. Data were recorded for the thickness, measured along a radius, of the pith, one-year-old wood, new wood and bark. About fifteen sections were placed on each slide and were measured for each of the three pieces from each twig. An average for each slide was arrived at which was a mean of fifty to seventy-five measurements. The means of new wood measurements were then grouped and treated statistically, their mean with its probable error being ascertained (table 1). The differences between those of the check and those of the other series collected on the same day are given in table 2. The means of these classes are plotted, for the new wood, in figure 1. The data for the halves of trees are given in table 3. These data are shown graphically in figure 1. .
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.f\u~~st I~I SS'tf1tt't\~(( 'I'he results recorded in tables 1, 2, 3, and 4 show clearly that growth is entirely checked within about two weeks as a result of defoliation. It is obvious that the growth that did occur was due to food from the stored reserve, since none was available from new leaves. Furthermore, the cessation of growth was not due to the death of the twigs, since they were able to continue to push out new leaves until the last of summer.
In order to be certain that the error due to unconscious selection of larger twigs in one series than in another was not a factor, the radii, exclusive of new wood, were compared. It was found that the average difference was 5±53 microns. This may be taken to show conclusively that differences in twig size are due to random sampling only, and play no significant part in the results reported.
A second set of trees in the same orchard was defoliated on l\Iay 4, 1923, as soon as the leaves unfolded. The methods were the same as those employed the year before. Collections were made on May 4 and 28 and on June 12. The data for this material are given in table 5. Another set of data was taken on different material. In this case one-year-old apple seedlings were grown in the greenhouse. This experiment was not highly successful because of the low percentage of trees that was brought out of the rest period at nearly enough the same date to be comparable. The trees were handled as follows:
November 11, 1922-Dug and heeled in out-of-doors. January 30, 1923-IIeeled in under greenhouse bench. February 27, 1923-Potted in garden soil, ten trees to a seven-inch pot. Of a total of nearly five hundred trees potted, about a third had to be discarded completely. Those remaining were divided into several series, as follows:
1. Check; no treatment. 2. Defoliated as in the experiments recorded above. 3. Defoliated after having grown normally until April 13. 4. Defoliated until April 13, and then allowed to grow normally. 5. The same as 4 unt.il May 15, thendefoliated again. 6. The same as 3 until May 15, then allowed to grow normally again. 7. All of the buds removed before they had unfolded.
Collections were made at irregular intervals and treated as in the earlier experiment. There was a much higher variability in this material than in the material taken from the orchard. This fact. may perhaps be ascribed to genetic differences among the seedlings, as contrasted with the homogeneous constitution of the other population. This high variability rendered differences less obvious. Such differences as were found were, with a single exception, in the direction of June, 1925] Proebsting: Cambial Activity and Storage of Food 87 the results recorded above. The data obtained from these seedlings are of little value by themselves, but tend to support the other data. The data from the sections of these trees are found in tables 6 and 7. The most striking result appears in series 7, that having the buds removed, where a large number of trees failed to survive the treatment. Of those that did survive few made more than a slight amount of growth. In addition to those of radial increase, measurements were made of terminal growth on this material. Some of these measurements are given in tables 8 and 9. No definite correlation can be seen between radial and terminal growth, either total or per' bud, nor was terminal growth governed so closely by the treatment. This lack of correlation may be due to the high variability of the material, however, and cannot be given too much weight. The fact that IIarvey found a correlation between length growth and treatment tends to discount these results, since he worked within a clone, and should have had much more uniform material. The fact that terminal growth can continue after lateral growth has ceased indicates either a difference in ability to utilize such food as is present or a distribution of food in greater concentration to the terminal meristems. June, 1925] 
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The appearance of the wood formed after defoliation was much like that observed in the larch by Harper, viz., that it was thin-walled and resembled spring wood. This was especially noticeable in the series defoliated June 6, 1922 . This type of wood was formed after summer wood formation had begun. There was no evidence that walls, thickened before defoliation, lost any material afterwards. Spring wood was also quite noticeable in series 6, which had two growth periods, where false annual rings were common.
A final set of material was collected from Red· Astrachan apple trees located at the University Farm, Davis, California, in the spring of 1924. The period covered by this series was from March 7 to April 22, the critical period in the differentiation of the treated and untreated series. These trees were five years old. All treatments were given to halves of trees. Sufficient sections were made to determine that the response was the same as in the previous material sectioned.
These facts bring out clearly that cambial activity is dependent on the presence of leaves for its normal functioning. There is lacking the ability to function without the cooperation of the leaves.
The remainder of the work presented deals with the analysis of the material collected to' determine whether or not anyone of the groups: reducing sugars, non-reducing sugars, starch, hemi-celluloses or total nitrogen, can be designated as the limiting factor of growth under these conditions.
METHODS OF CHE}\JIICAL ANALYSIS PREPARATION OF l\IATER.IAL
The collections from the orchard made in 1922 were separated into wood and bark before further treatment was given. After finding that the curves for the two sets of analyses largely paralleled each other, it was decided to analyze the later series without this separation. This proved to be unwise, since the varying proportions of wood and bark introduced a very large error and the variability was found to be excessive. The material collected in California was divided into wood and bark. It is apparent, therefore, that the greater weight must be given the 1922 series and the 1924 series.
The wood and bark, and later the twigs as a whole, were dried at 78 0 to 80°C. This material was then ground to a coarse dust. A simple and very satisfactory device was used for grinding the wood. A large pencil sharpener was connected to a motor through a reduc- 5 tion gear. This gave a fairly uniform coarse powder that was fine enough to be readily extracted and coarse enough to be held by the alundum extraction thimbles. The bark was ground in a small coffee mill.
ANALYTICAL PROCEDURE For sugars, it was found that three hours' extraction in a Soxhlet extraction tube, with 95 per cent alcohol, gave complete removal. The time was determined by repeating the extraction with a second portion of alcohol, and determining the time beyond which no further power of reducing Fehling's solution was evident in the second extract. After extraction, the usual process of replacing the alcohol by distilled water, precipitation with neutral lead acetate, deleading with sodium sulphate, carbonate or oxalate, and estimation of reducing sugars by means of the Munson and Walker gravimetric method, was followed. It was found that filtering the solution through asbestos in a Gooch crucible gave such satisfactory elimination of organic materials that oxidation of the cuprous to cupric oxide gave no better results.
Total sugars were estimated by the same method, except that inversion of disaccharides was necessary. For this process the usual procedure of heating with normal hydrochloric acid to seventy degrees for fifteen minutes, followed by neutralization with sodium carbonate, was followed, Each analysis is a composite of all twigs of each series collected on a given date. The average of duplicate determinations is given in each case except for those indicated, where a single sample was available. The variability in sampling was apparently insignificant. Starch extraction was found to be satisfactorily accomplished by a slight modification of the method of Sablon.!" The material, after the sugars had been extracted, was freed from alcohol. The residue was wet with distilled water and autoclaved for two hours at fifteen pounds pressure. The time, two hours, was arrived at by experiment. Different lengths of time were tried, the other factors being the same. After extracting the products of digestion, the process was repeated. It was found that an hour and a half was about on the borderline between giving nothing and giving a slight amount above the blank. I t seems necessary to partially disrupt the cells in order to allow the enzyme to come into contact with the starch. The material was cooled. Taka-diastase was added and the mixture allowed to stand overnight at room temperature. One hundred milligrams of taka- June, 1925] Proebsting: Cambial Activity and Storage of Food 91 diastase were used in each case. At this point every sample was examined microchemically to see whether or not the starch had all disappeared. In a very few cases it was necessary to repeat the process before going farther.
The solution was separated from the residue and treated as for total sugars. The acid hydrolysis was deemed necessary because Davis and Daish" found dextrins to be present after digestion and to be removed to a certain extent by the process of precipitation.
Hemi-celluloses were estimated by digesting the residue from the starch extraction in normal hydrochloric acid under a reflux condenser for three hours. The acid was neutralized with sodium carbonate and the solution treated as for reducing sugars.
Total nitrogen was determined by means of the phenol-sulphuric modification of the Kjeldahl method.
RESULTS OF CHEMICAL ANALYSES
Reducing Sugars.
The results from the determination of reducing sugars, expressed as dextrose in per cent of dry weight, are given in table 10. cover only 1922 material and only a portion of that because of the lack of material. The points indicated by these analyses are: 1. The concentration of reducing sugars is very much greater in the bark than in the wood.
2. At the period covered by these analyses, i.e., from more than a month after growth started until the end of the season, the concentration of reducing sugars has been somewhat reduced in the defoliated series, a!" compared with the check. It is unfortunate that the material for those collections made immediately after defoliation ".sr--- 
RU~\4-d s~r
Effect of defoliation on reducing sugar content of one-year-old hvigs of McIntosh apple.
was exhausted before determinations for reducing sugar were made. The fact that some time had elapsed after defoliation makes the significance doubtful. However, the California material indicates that the reduction in amount takes place very soon after defoliation. 3. The reduction in reducing sugars that is noticed does not appear to be sufficient to account for the cessation of cambial activity, which occurred in every case of the 1922 series before the analyses were made. It would seem that the concentrations indicated are adequate for gro\vth, from the data that are available on this point.
4. Considered with the data for total sugars and starch presented below, there is the suggestion that enzyme activity has been retarded. A partial inactivation of enzymes might account for the phenomena noted. June, 1925] Proebsting: Cambial Activity and Storage of Food 93 5. There are fluctuations of considerable magnitude between different collections. These seem to be readily accounted for only by the assumption of differences of this magnitude between different trees.
Total Sugars.
The data for total sugars are somewhat more extensive than are those for reducing sugars. The results of the analyses for the same material are given to table 11. The data are shown graphically in figure 3 . The results, as in the preceding case, are based on the percentage of dry weight, expressed as dextrose. For the June 8 collection of halves of trees, the percentages are: Check, wood 1.25, bark 6.46; defoliated, wood 1.91, bark 4.22. The results indicate about the same things as do reducing sugars. There is the same marked difference in concentration between wood and bark. There is a better basis of comparison between check and treated series through a more nearly unbroken series of determinations. The differences are not so marked as in the case of reducing sugars. At the beginning of the season, when growth was stopping in the first series defoliated, there was as much total sugar in one as in the other. Fluctuations are less also between collections. There is thus an even smaller suggestion than in the case of reducing sugars that the sugar fraction, at least as a group, is the limiting factor under the conditions of this experiment.
iJ .!r---....,--------r-------r-------r------ 
Starch.
The sequence of changes in the starch content is interesting from the point of view both of changes in the normally functioning plant, and of comparison with defoliated specimens. "fable 12, and figures 4 and 5 give these data expressed as starch (reducing sugar x .9) in per cent dry weight. For the June 8 collection from halves of trees, the percentages are: Check, wood 5.94, bark 10.11; defoliated, "rood 7.26, bark 11.93. The normal sequence is similar in most respects to the curves published by numerous workers in the past. There is the usual high initial concentration followed first by a drop almost to zero and then by a gradual rise throughout the remainder of the season. The most striking thing about the analyses is the enormous fluctuation in the bark between successive collections. There is apparently a very high starch deposition in the cortical region of the bark, forming a considerable share of the reserve. As was noted in the case of reducing sugar, there is a suggestion of inactivation of diastase. June, 1925] 
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The starch disappears more slowly from the defoliated series than from the check. This gives additional evidence, however, that it is not a lack of carbohydrates that is the limiting factor in the checking of growth, .
Hemi-Celluloses.
The analyses for hem i-cellulose (table 13 and fig. 6 ) show nothing. The half tree analyses are again in accord, -Iune 8 halves given: Check, wood 22.98, bark 10.20; defoliated, wood 24.33, bark 10.69. The data again are expressed as dextrose x .9 in per cent dry weight. There are fluctuations, but they seem to be slight and of no significance. This series was early discontinued. If hemi-cellulose can be utilized as a reserve food, it seems not to have been in the case of 
Total Nitrogen.
Finally, there are the analyses for total nitrogen expressed in per cent dry weight (table 14 and fig. 7) . A large difference in the nitrogen content between the wood and bark is shown, in the same direction as in the case of the sugars. The total nitrogen content of the check series falls off steadily throughout the summer. The defoliated series, however, shows no such falling off. In the bark there is a gradual increase, and in the wood a slight decrease. The series defoliated in J nne, while not showing the rise seen in the first series, does in the bark show a distinct check in the rate at which it falls off and maintains a generally higher level than does the check. The wood, with a much smaller content, is not so regular. There seems to be much less fluctuation between trees than is the case with the carbohydrates. There is no suggestion whatever that total nitrogen is a limiting factor. J~-tf 9 Effect of defoliation on total nitrogen content of one-year-old twigs of McIntosh apple. Fig. 7 .
,r.
• The only thing remaining to be done with these data, then, is to determine whether or not the carbohydrate-nitrogen ratio, or rather the ·starch-nitrogen or the sugar-nitrogen ratio, can be presented as a cause for the phenomenon. Table 15 shows the starch-nitrogen ratio for the collections up to and including July 20. Generally there is a higher ratio in the wood than in the bark, This is, of course, what would be expected. The ratio is uniformly lower in the bark of the defoliated trees than in that of the check. The ratio of total sugar to nitrogen (shown in table 16) was calculated for the same material used for table 15. The ratios found for wood are again inconclusive. Those for bark are more consistent than were those in table 15, and all deviate in the same direction as do those in table 15, that is, the sugar-nitrogen ratio is less in the bark of defoliated series than in the corresponding checks.
As has alrealy been indicated, the analyses of whole twigs are given little weight in this discussion. Therefore, the writer will be content to present the data in table 17 for the McIntosh orchard for  1923 and table 18 for the greenhouse-grown seedlings with little comment. The former seem to show a slightly greater reduction in carbohydrates than was found in the previous season's analyses, but in general substantiate the earlier results. As was to be expected, the variability in composition of the seedlings is very much greater than in the other series. There are no seriously conflicting data. The series having the buds removed gave the most striking results, as it [Vol. 1, No.5 did in the growth measurements. It indicates, perhaps, that the difference in carbohydrates is more to be associated with the amount of material used in pushing out new length growth than with cambial activity. This would account for the fact that this series shows ;uch a slight reduction in carbohydrates as compared with those series which were allowed to form terminal growing points. 
